Andrographolide, which has been reported to have multiple pharmacological properties, [13] [14] [15] [16] [17] [18] [19] [20] is a component isolated from a Traditional Chinese Medicine of Andrographis paniculata. However, the knowledge about how andrographolide exerting its anti-inflammatory effects is still limited. Chiou et al. reported that andrographolide inhibited LPS (lipopolysaccharide)-induced NO production in a macrophage cell line. 20) Thus, we became interested in whether andrographolide can affect the production of Interleukin-12 and TNF-a production in LPS-activated macrophages by interfering with MAPKs and NF-k B signaling pathway.
MATERIALS AND METHODS
Reagents Andrographolide was isolated from Andrographis paniculata and its purity determined by HPLC was 98.8%. LPS (Escherichia coli 055:B5) and thioglycollate were purchased from Sigma. RPMI 1640 medium were from Hyclone. Trizol Reagent and reverse transcriptase were from Invitrogen. DUOSET ELISA kits for mouse IL-12 and for mouse TNFa detection were purchased from R&D System. Phosphospecific rabbit polyclonal antibodies against Thr180 and Tyr182 dual-phosphorylated p38 were from Biosource; Rabbit polyclonal antibodies against Thr183 and Tyr185 dual-phosphorylated SAPK/JNK, against Thr202 and Tyr204 dual-phosphorylated ERK1/2, against total JNK, against total ERK1/2, against total p38, against IkBa were purchased from Cell signaling technology. Rabbit polyclonal antibodies against actin, peroxidase (HRP)-labeled anti-rabbit IgG antibody were from Sigma. Prestained SDS-PAGE markers were from Bio-Rad. Nitrocellulose membranes were from Schleicher & Schuell.
Preparation of Mouse Peritoneal Macrophages Mouse peritoneal macrophages were harvested from 2-month-old male C57BL/6J mice that had been injected i.p. 4 d earlier with 1 ml of 10% thioglycollate. Cells were seeded in 24-well plates and cultured at 37°C in a humidified atmosphere containing 5% CO 2 with RPMI 1640 medium. After incubation for 2 h, nonadherent cells were removed and adherent cells were pretreated with andrographolide for 1 h, and were further treated with LPS (0.5 mg/ml) and with andrographolide (for each well, the concentration of andrographolide kept the same as in the pretreatment) for different time as described.
Reverse Transcriptase-Mediated PCR (RT-PCR) Analysis Mouse peritoneal macrophages pretreated with various concentrations of andrographolide were further cultured in medium with LPS and/or with various concentrations of andrographolide (for each well, the concentration of andrographolide kept the same as in the pretreatment) for 1 h to detect TNF-a mRNA, and for 2 h to detect IL-12 mRNA. Cells were washed in PBS and then used to isolat RNA. Total RNA was isolated according to the manufacturer's instructions. First-strand cDNA was synthesized from 1 mg of total RNA using reverse transcriptase and primer oligo (dT) 15 . Primers for TNF-a, IL-12a, IL-12b and GAPDH were as follows: TNF-a-U (5Ј AT GGA TCC ACC ATG AGC ACA GAA AGC 3Ј), TNF-a-L (5Ј AT GAA TTC TCA CAG AGC AAT GAC TCC 3Ј), IL-12a-U (5Ј TCA ATC ACG CTA CCT CCT C3Ј), IL-12a-L (5Ј CAG AGC TTC ATT TTC ACT C 3Ј), IL-12b-U (5Ј TCC TCA GAA GCT AAC CAT C 3Ј), IL-12b-L (5Ј AGC TGG TGC TGT AGT TCT C 3Ј), GAPDH-U (TTT GTG ATG GGT GTG AAC CAC GAG 3Ј), GAPDH-L (5Ј GGA GAC AAC CTG GTC CTC AGT GTA 3Ј). Amplification for TNF-a, IL-12a, IL12b and GAPDH was 30, 35, 35 and 30 cycles, respectively. The size of the PCR products for TNF-a, IL-12a, IL-12b and GAPDH was 708 bp, 569 bp, 667 bp and 457 bp, respectively.
ELISA Assays Mouse peritoneal macrophages pretreated with various concentrations of andrographolide were further cultured in medium with LPS and/or with various concentrations of andrographolide (for each well, the concentration of andrographolide kept the same as in the pretreatment) for 24 h (for TNF-a detection) or 48 h (for IL-12 detection). Culture supernatants were collected and stored at Ϫ70°C until use. Cytokine levels in the supernatants were determined according to the manufacturer's instruction.
Western Blot Analysis Mouse peritoneal macrophages pretreated with various concentrations of andrographolide were further cultured in medium with LPS and/or with various concentrations of andrographolide (for each well, the concentration of andrographolide kept the same as in the pretreatment) for 1 h to detect phosphorylated-ERK1/2, phosphorylated-JNK and phosphorylated-p38, and for 15 min to detect IkBa. After washing with PBS, cells were lysed with SDS sample buffer containing 50 mM Tris (pH 7.4), 2% SDS (wt/vol), 5% 2-mercaptoethanol and 10% glycerol. Samples were heated at 95°C for 5 min and centrifuged (13000ϫg, 5 min) at 4°C and the supernatant was analyzed by 8% SDS-PAGE. Proteins were transferred to nitrocellulose membranes, and the membranes were blocked with 10% nonfat dry milk in TBST [20 mM Tris (pH 8.0), 150 mM NaCl and 0.1% Tween -20] . The membranes were blotted with the primary antibody, then with a horseradish peroxidase-conjugated secondary antibody and detected by enhanced chemiluminescence according to the manufacturer's instructions. Molecular weights of proteins were estimated by using prestained SDS-PAGE markers. For repeated immunoblotting, membranes were stripped in 62.5 mM Tris (pH 6.7), 20% SDS and 0.1 M 2-mercaptoethanol for 30 min at 50°C.
Statistical Analysis Statistical significance of ELISA data was assessed by the Student's t test.
RESULTS
Andrographolide Inhibited TNF-a a Production from LPS-Activated Mouse Peritoneal Macrophages Stimulation of macrophages by LPS markedly increased the production of both TNF-a and IL-12. First, we examined the effect of andrographolide on the mRNA level of TNF-a from mouse peritoneal macrophages when stimulated with LPS. RT-PCR analysis showed that TNF-a mRNA is induced readily from mouse peritoneal macrophages by LPS. However, this induction was inhibited by andrographolide in concentration-dependent manner: 12 mg/ml of andrographolide partially suppressed TNF-a mRNA from LPS activated macrophages, and 25 mg/ml of andrographolide significantly inhibited the amount of TNF-a mRNA (Fig. 1A) . We next used ELISA assay to examine the secretion of TNF-a from the culture supernatant of LPS-stimulated mouse peritoneal macrophages. TNF-a in the culture supernatants of LPS-stimulated macrophages was also inhibited by andrographolide in a concentration-dependent manner: addition of 0.75 mg/ml of andrographolide partially suppressed the production of TNFa, and 25 mg/ml of andrographolide significantly inhibited TNF-a production (pϽ0.01 compared with LPS stimulation in the absence of andrographolide) (Fig. 1B) .
Andrographolide Inhibited IL-12 Production from LPS-Activated Mouse Peritoneal Macrophages We then examined the effect of andrographolide on the production of IL-12 from mouse peritoneal macrophages stimulated with LPS. Both IL-12a mRNA and IL-12b mRNA were induced readily from mouse peritoneal macrophages by LPS. However, the mRNA level of both IL-12a and IL-12b were inhibited by andrographolide in a concentration-dependent manner: addition of andrographolide partially suppressed IL-12a and IL-12b mRNA at 12 mg/ml and 1 mg/ml, respectively, and 25 mg/ml of andrographolide significantly inhibited both IL-12a and IL-12b at mRNA level ( Fig. 2A) . Secretion of IL-12p70 from mouse peritoneal macrophages markedly increased when stimulated with LPS. Addition of andrographolide blocked secretion of IL-12 p70 from culture supernatants in a concentration-dependent manner: 1.5 mg/ml of andrographolide partially suppressed IL-12 p70 secretion, whereas 25 mg/ml of andrographolide significantly inhibited IL-12 p70 production (pϽ0.01 compared with LPS stimulation in the absence of andrographolide) (Fig. 2B) .
Andrographolide Inhibited ERK1/2 Phosphorylation but Failed to Affect Both p38 and JNK Kinases as Well as NF-k kB Activation in LPS-Activated Mouse Peritoneal Macrophages
The activation of the MAPKs p38, ERK1/2 and JNK as well as the activation of transcription factor NFkB are important signaling pathways responsible for the production of pro-inflammatory cytokines when macrophage is activated. NF-kB is usually held in an inactivated state in the cytoplasm of unstimulated cells through interaction with I(B family of inhibitory protein. 21, 22) After stimulation with LPS, the IkB is degraded and release the NF-kB to translocate into nucleus, where NF-kB drive the expression of pro-inflammatory cytokines. 23, 24) Andrographolide suppressed the activation of NF-kB in stimulated endothelial cells, which reduced the expression of cell adhesion molecule E-selectin and prevented E-selectin-mediated leukocyte adhesion under flow. 25) We next tested whether andrographolide exerted its effects on the production of IL-12 and TNF-a via interfering with the activation of these pathways. When stimulated with LPS, p38, ERK1/2 and JNK were strongly activated in macrophages. P38, ERK1/2 and JNK were all activated in peritoneal macrophages, and the degradation of IkBa occurred 15 min after LPS treatment (Fig. 3) . When 12 mg/ml of andrographolide is added, LPS-induced ERK1/2 was partially blocked in macrophages, and 25 mg/ml of andrographolide significantly inhibited ERK1/2 phosphorylation in LPS-stimulated macrophages (Figs. 3A, 3B ). However, andrographolide did not alter the activation of the other three intracellular pathways p38, JNK and NF-kB (Figs.  3C-H) .
PD98059 Negatively Controlled TNF-a a Production, But Positively Controlled IL-12 p70 in LPS-Induced Mouse Peritoneal Macrophages Andrographolide showed inhibitory effect on production of both TNF-a and IL-12 p70 in LPS-induced macrophages, under the same condition, PD98059 (20 mM) significantly inhibited the expression of TNF-a mRNA (Fig. 4A) and protein (pϽ0.01 compared with LPS-stimulation in the absence of PD98059) (Fig. 4B) , 222 Vol. 29, No. 2 which was consistent with the work reported by Dumitru, C.D, 5) but significantly increased the level of IL-12b mRNA (Fig. 4A) and IL-12 p70 (Fig. 4C ) (pϽ0.01 compared with LPS-stimulation in the absence of PD98059), which was consistent with the work reported by Feng, 8) and showed no effect on IL-12a mRNA (Fig. 4A) . Figure 4A also showed that PD98059 inhibited the activation of ERK 1/2 in LPS-induced macrophages.
DISCUSSION
Isolation, identification, characterization and quantification of phytochemicals, and evaluation of their potential benefits to humans have become an important area of pharmaceutical research. Andrographis paniculata extract is known to contain diterpenoids, flavonoids, and steroids. 24) The main components of Andrographis paniculata are the diterpene lactones of which andrographolide is the major component and constitutes 70% of the plant extract fraction. 24) Andrographolide has been reported to have multiple pharmacological properties such as protozoacidal activity, inhibition of platelet aggregation, inhibition of protein convertases-1, 7 and furin, stimulation of cell differentiation and anti-hepatotoxic activity. [15] [16] [17] [18] [19] [20] Andrographolide was also reported to have effect on immune cells: andrographolide suppressed chemotactic migration in a macrophage cell line 26) and inhibited LPS-induced NO production in an interferon-g-primed RAW 264.7 macrophage cell line. 20) In our study, we have found that andrographolide inhibit the production of both TNF-a and IL-12 p70 in LPS-activated mouse peritoneal macrophages in a concentrations-dependent manner (Figs.  1A, B, 2A, B) . Excessive production of TNF-a induces tissue injury, septic shock and inflammatory bowel disease. [10] [11] [12] Excessive production of IL-12 contributes to septic shock and autoimmune diseases. 3, 27) Therefore, andrographolide may be developed into a drug for the treatment of tissue injury, septic shock and autoimmune diseases.
MAPKs (ERK, p38 and JNK) as well as transcription factor NF-kB positively control TNF-a expression in LPS-activated macrophages, each with a unique signaling pathway. Inhibition of any of the three MAPK pathways or NF-kB pathway is sufficient to block induction of TNF-a by LPS in macrophages. [4] [5] [6] IL-12 p70 is a heterodimer, which is comprised of two disulfide-linked subunits designated p35 and p40. Activation of p38, JNK or transcription factor NF-kB can enhance IL-12 in macrophages. 7) It has been reported that ERK pathway negatively control IL-12 production in LPS-induced monocytes/macrophages. 8) We tested the possibility whether andrographolide exerts its effects on TNF-a and IL-12 production via interfering with the activation of ERK1/2, p38, JNK and NF-kB. We found that andrographolide cannot block the activation of any of p38, JNK and NF-kB (Figs. 3C-H) , therefore, these three pathways may not mediate the inhibitory effect on TNF-a and IL-12 production from LPS-induced macrophages by andrographolide. We found that andrographolide inhibited both activation of ERK1/2 (Figs. 3A, B ) and the expression of TNFa (Fig. 1) and IL-12 (Fig. 2) . Under the same conditions, PD98059 also inhibited the expression of TNF-a (Figs. 4A,  B) , but increased the production of IL-12 p70 (Fig. 4C) . These results suggest that the inhibition of ERK activation may mediate the inhibitory production of TNF-a, but not of IL-12 in LPS-induced macrophages by andrographolide. Andrographolide was reported to suppress chemotactic migration through inhibition of Akt phosphorylation. 26) Except for p38, JNK, JNK and NF-kB, other molecules such as Akt, 27) protein kinase C 28) and Ets-2 29) can also regulate IL-12 expression, therefore, andrographolide may act through one or more of these molecules to regulate IL-12 expression.
In summary, the current study demonstrates that, andrographolide exerts its inhibition on the production of both TNF-a and IL-12 in LPS-stimulated mouse peritoneal macrophages. Inhibition of the production of TNF-a is probably due to the suppression of ERK1/2 signaling pathway by andrographolide.
